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Modulating Factors in the Expression of
Radiation-induced Oncogenic

Transformation

by Eric J. Hall* and Tom K. Hei*

Many assays for oncogenic transformation have been developed ranging from those in established rodent
cell lines where morphological alteration is scored, to those in human cells growing in nude mice where
tumor invasiveness is scored, In general, systems that are most quantitative are also the least relevant in
terms of human carcinogenesis and human risk estimation. The development of cell culture systems has
made it possible to assess at the cellular level the oncogenic potential of a variety of chemical, physical
and viral agents. Cell culture systems afford the opportunity to identify factors and conditions that may
prevent or enhance cellular transformation by radiation and chemicals. Permissive and protective factors
in radiation-induced transformation include thyroid hormone and the tumor promoter TPA that increase
the transformation incidence for a given dose of radiation, and retinoids, selenium, vitamin E, and 5-
aminobenzamide that inhibit the expression of transformation. Densely ionizing a-particles, similar to
those emitted by radon daughters, are highly effective in inducing transformations and appear to interact
in a supra-additive fashion with asbestos fibers. The activation of a known dominant oncogene has not
vet been demonstrated in radiation-induced oncogenic transformation. The most likely mechanism for
radiation activation of an oncogene would be via the production of a chromosomal translocation. Radiation

also efficiently induces deletions and may thus lead to the loss of a suppressor gene.

Introduction

Following the report by Berwald and Sachs on the
induction of morphological transformants in Syrian
hamster embryo cells by the chemical carcinogen
benzo(a)pyrene more than two decades ago (1), a host
of in vifro oncogenic transformation systems have been
developed based on a variety of rodent and human cells
(2-5). These in vitro model systems represent a pow-
erful research tool in addressing two diverse aspects of
cancer research. First, they may be used to accumulate
data that are essentially pragmatic in nature. These in
vitro systems, free of host-mediated homeostatic influ-
ences, afford the opportunity to evaluate both qualita-
tive and quantitative aspects of oncogenic trangforma-
tion. For example, they are useful to compare and
contrast the oncogenic potential of a variety of chemical
and physical agents. As such, they oceupy a useful in-
termediate position between the bacterial mutagenesis
assays, which are quick and inexpensive, and animal
studies, which are cumbersome and inordinately ex-
pensive,

Second, i vitro systems make it possible to study
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the cellular and molecular mechanisms involved in ra-
diation or chemically induced carcinogenesis, inasmuch
as they represent models for in vitro tumorigenesis in
which the various steps can be manipulated and modified
more easily and in a more controlled way. In vitro sys-
tems afford the opportunity to study dose-related and
time-dependent interactions of radiation with single
cells and identify factors and conditions that may pre-
vent or enhance cellular transtormation by radiation and
chemicals.

The recent advances in molecular biology using cloned
fragments of viral transforming genes and the subse-
quent discovery of such proto-oncogenes in many animal
and human tumors using the transfection technique
have highlighted the practical need for these model sys-
tems.

Criteria of Malignancy

A number of different end points can be scored in
transformation assays. The possible end points in order
of increasing relevance for carcinogenesis in the human
are as follows: allered morphology; growth in soft agar;
unlimited growth; transplantability in animals; inva-
siveness; and metastasis.

By scoring the altered morphology of a colony or fo-
cus, it is quite practical to identify one transformed cell
in a population of 10° cells in an experiment of manage-






